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HEAT RESISTANT EXPLOSIVES III
1,3-DIAMINO-2, 4, &-TRINITROBENZENE,

DATB, FROM 1,3-DIMETHOXYEBENZENE
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Approved by: Darrell V. Sickman
i Chief, Organic Chemistry Division

A

N
ABSTRACT: A facile method for the preparation of 1,3-dlamino-
2,4,6-trinitrobenzene, iV, from commercially available 1,3-
dimethoxybenzene, I, 18 descri%ed. The method gives yields of
147 parts of IV per 100 parts of I and is easily adaptabdble to
commercial scale production.

Ccoammercial grade I 18 sulfonated to what is procably a mixtugpe
of sulfonic acids, 11, and the mixture 18 then nitrnted with-"
out isolation to 1,3-dimethoxy-2,4%,5-trinitrobenzene, 11X, at
low temperatures. The treatment of III with metharolic ammonia
or solutions of ammonium acetate ylelds IV in a high degree of
purlity. : :

OCH5 : 0CF5 : CHy
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# o0 f/ o, Mo ”2@”2
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R Y R -
Yeveral experimental procedures for tne prenartion of large
particle size IV are described. ™~

Chemistry Research Department
U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, SILVER SPRING, MARYLAND
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This report describes a new synthesis of 1,3-diamino-
2,4,%«trinitrobenzene from 1,3-dimethoxybenzene, Results
indicate that the procedure car be readlly adapted to plant
scale production. This werk was performed under Task No.
FR-44, Chemistry of Hignh Energy <Compounds.

MELi. A, PETERSON
Captain, USN
Commander

Yl ¥
LIQHTBODY
By direction
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HEAT RESISTANT EXPLOSIVES Ili
1,3-0IaMiN0-2,%,0-TRINITRCBENZENE,
DATB, FROM 1, 3-DIMETHCXYBENZENE

INTRODUCTION

Prelirinary small scale tzsts indicated that, as had been
predicted in these laboratories, 1,3-diamino-2,4%,6-trinitroten-
zcne (DATB) might well meet the requirements for a heat-resis-
tant insersitive explosive. Thls prompted the Organic Chemlistry
Divisien to undersrtake the development of methods suitable for
sno preoduction of thils explosive in quantitlies sufflclent for
large scole tests.

& method developed by Shipp and Nill (la) involved the
nitration of m-nitroaniline toc 2,3,4,6-tetrani roaniline followed
hy the amiration ¢f this compound to DATB. The method was some-
what time-consumling ard increased demanda for DATB for large
scale testing programs mzde it difficult for the NOL pilot
plant to supply sufficient guantities by this route. Efforts
were therefore Inltiated to improve the existing procedure and
to find new routes by which thls material could he manufactured
in larce guantitles. ¥aplan f1b) has accomplished the forrer
objective with the Jdevelopment of an elegant and facile con-
tinuous process for the m-nitrcantiine nicration; the vresent
report describes a successful effort to meet the latter rz-
quirement. The net result of the overall program has been the
developmenit 'n these laboratories of three distinct procedures i
for the manufacture of DATB, each of which 1s believed to repre- :
sert substantial improvement over tue best previous method, the
conversion ¢f styphnic acid to dichlisrotrinitrotenzene then to
DATB as reported by Haas, Feuer and Haroan (lc).

DISCUSSION

Since 1t nas been deronstTated that tetranitroaniline zould
be converted to 2,4,6-trinitro-3-methoxyaniline which, in turn,
could be aminated to DATE (la), 1t seemed reasonable that 1,3-
dimethoxy-2,4,5-trinitrobenzene could be zminated by similar
procedures, The problem evolved into one of finding a sultable
method for the preparation of the dimetroxytrinitrobenzene. The
synthesis of this compound from Z,4%-dinitroresorcinol by methyl-
ation followed “y nitration had been reported by Vermeulen (2)
in 19i9. This procedure seemed too Involved and the direct

1
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nitratiton of n-dimethoxybenzene, available in large quantities
from the Konpers Jompany at about $i.70/1b., was consldered as
more feasirtle. -

In tie first condltions tried, tne dimethoxybenzene was
allouwed to stand in a wixture of 96% nitric acld and acetic
annydride for twenty flive hours at room temperature. The pro-
duct obtained In 82% yleld was 1,5~dimethoxy=-2,4-dinitrobenzene.
Mutioin {3) ras reported the same compound as resulting from the
treatment of 1,5-dimethoxy-2-nitro~4-tert-butylbenzene with nfirie
acid In acetic anhydride as have Carpenter, Easter and +ood (4)
from the treatment of 1,5~dimethoxy-2,4-di-tert-butyivenzene with
nitric acid 1n a mixture of acetle acid and acetic anhydride.

Due to tne sim!larities between phenol, rescorcinol and
1,3-dimethcxynenzere, methods used in the preparaticn of pileric
and styphnic acids were next considered. Since the methoxyl
group exerts an activating eflfect towards electrophyllc attack
at tne orti.c ind para positions, and since i:ts effect ls about
as yreat ag thkat of the hydroxyl group, it was surmised that the
nitraticn of i,3-dimethoxybenzene wouid be rapid and that low
temperatures would suffice. TI'his seened especially likely since
'n thils compound the 2-, 4- and 6-positions are doubly actlvated,
and {1t was, Indeed, found to be tne case.

Picric acid ls made from phenol (5,6,7) in 75-QU% yield by
tr.e treatment «f 1ts sulfomation products aith nitric acid. The
rrocess requires approximately twenty-four hours for large scale
runs,

- »w L
lzlm, ~ (lﬂfﬁl___z . 2F?’ 2

Eorgche and Feske (B) prepared styphnic acid from regorcinol in
338 yleld using a similar procedure
) § oX
7 1,00 o oo, W~ 2
‘ ‘-_..__h_., i s i
- X N
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Medifications of this procedure proved to be very satisfactory
in the preparation of 1,3-dimsthoxy-2,4,6-trinitrobenzene.

g ’ s P

(Ju=s (= )

P o8y > E;iy,Jocu3
L

Small scale ruuns uslng 10.5 g of the dimethoxybenzene required
approximately one hour for completion and gave ylelds of 87%.
The products were of goof quality, usually melting at 121°-123°,
A sinﬁle recrystalllzation generally raised the melting points
to 124°.125°, the same as that reported by Vermeulen (2). Lawrger
runs required considerably more time due, at least in part, to
our lnability to maintaln adequate cooling and stirring in the
laboratory. Large excesses of both sulifuric and nitric acids
were used to facillitate handling of the thlck reaction mixture
rather than to erhance the reaction. Optimum quantities were
found to be one volume of the dimeithoxybenzene to 8ix volumes

of sulfuric and four volumes of niiric acida., Tne nitration
produst tended to flost to the top of the acid mixture giving

it a consistency much like pancake-batter. If the temperature
during the nitration waa allowed to rise above 300, gassing of
the mixed acld was appreciable and foaming of the thick mixture
became a further problem. Attempts to reduce foaming by 1in-
creasing the volume of sulfurlc acid had an adverse effect prob-
ably because the specific gravity of the acld mixture was raiced,
thereby increasing the vendency of the product to float. The
uge of both 70% ar. 90% nitric acid produced good ylelds but the
Q0% acid tended to lncrease gassing and foaming. Thes? problems
were apparertly minimized when 7C% ac!d was used, the tempera-
ture kept below 30°, and stirring was at a moderate rate with

a neavy duty stirrer blade the longth of which was almesat equal
to the diameter cf the flask. '

In plant operations 1t might be poasible to recover thne
product by direct riltration; in the laboratory, however, drown-
ing in c¢crushed 1ce was more practical. The drowned mixture shculd
be filtered immedlately to eliminate the possibllity of hydrolytic

~cleavage of mefhoxyvl groups. In 2ne run using 735 g of dimethoxy-

henzena, che drowned mixture stocd overnigiht at room temperature
before {il%ration. The yileld was reduced to 77% and the product
#as yellower than any other obtained during this investigation.
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Cn standing, the filtrate vielded additicnal solid naterial
of which 2. 2 was recovered by filtration. A recrystallized

" gsanple ¢f this compound melted at 85°-860 and was identified

ag 2,4,6-trinttro-3-methcxyphenol by amination to 2,4,6-trinitro-
3-aminophenol,

Since even 0% riitric aeid contains considerable water,
1t seemed probable that the exotherm experienced during the
addition of nitric acid was due. In part to the hydration of
tie sulfuric acid. Substituting a pre-cooled sulfuric-nitric
acid mixture for nltrlec acid in tiia step resulted in no appre-
clable improvement and indicated that this effect was negligable.

Other modifications of the process included dilutiorn of the
sulfonation mixture with water pricr to nitration, the use of
wixed acida in a one step reaction, reversing the order of
adidition of the acids, and the use of concentrated nitric acid
only.

In one reaction usLng 52.5-g oI the d1nmunaxyucnzene and
300 ml of sulfuric acid, 102 ml of water was added %c the
reaction mixcwure after qulfonation in an atteampt to cut down
foaming, On nltratlion witk 200 m1 of 90% nitric acid, the pri-

mary product was 1,5-dimethoxy=~2,4-dinttrobenzene.

wher mixed acids were used irn an attempted one-step ni-~
tration, tne reaction temperature was much more difficult to
controi and rose to 50° Jiring the addition of the acid. The
reactlion mixture necame very dark and resinous, indicating that
censiderable oxidation had taken place. After a difficult work-
up the only product isoclated wes 1,5—d1methoxy-2 #-d*nitrobenzene,

_ In cases where only nitric acid was used, and where the order
o addition of nitric and sulfuric aclds was reversed, considerable
deyradation took place, but the primary preduct was again 1,5~
d:metnox'-r,f-u;r;urvtfrze?ﬂ; This 1s somewhat difficult to
reconvile with cur ti:inking as to the.mechanlgm of the reaction.

i penerally accepted view is that in nitrations of such
compounds as pitenol, the entry of the first nitro group into
ithe oselecule 1s extremely rapid and exothermic, and that the
heat renerated 1v the reaction promotes tne oxidative dssirue-
tiloun of tne melecule. It is also generally held that sulfonation
prior to nitration reduces his effect because tne suifgunation
reaction is less vigorous and the subsequent replacement of the
sulfenic acid vroup I8 considerably less exothermic than the

y
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replacement of a hydrogen atom. Oisen and Goldsteln {T7) found
that in the preparation of picric acid a mixture of rono~ and
disulforic aclids was formed in the sulfonation step. In 1,3~
dimethoxybenzene, the 2-, 4-, and bepositions are al d*n“lv
activated and the trisulfonic acid might be expected to form
under the conditions of the sulfonation reastion (20 min. to
1 hr. at 10C°), This is supported by the fact that when ni-
tration was performed without prior sulfonation at a tempera-
ture below 602, and when the order of tréatment with nitric and
sulfuric acids was reversed at temperatures of 20° or lower,
only the dinitro compound could be 1solated. -This indicates
that substituticn at the stericsally hindered 2-position may take
place under the more vigorous conditions of sulfonation reaction
and that the sulfonic acid group in this position is replaced
by the smaller nitro group more veadily than 15 & hydregen.
However, gince the dinitro compound was again obtalned by ni-
tration with 90% nitric after first diluting the sulfonation __.
mixture with water, it appears %aat the trisulfonic acid may
never nave been formed. It might have been expected that the
dinitrosulfenic acid would result under these conditions. This
apparent anomaly deserves further lnvestigation.

A small scale run was carried out using 2 g of dlmathoxy-
benzene, 12 ml of S5% sulfuric acid and 8 ml of yu# niiric o
"determine what wculd happen should the control of the tempera-
sure get out of hand. 7The nitric acid was added rapidly from
a pipette in 2 ml-portions. The temperature rose verg rapidly
and, by the time 4 ml had entered, it had reached 100 Further
additions of acid resulted in cooling. The reaction mixture
was not as clear as under norwal conditions but was not resinous.
There was no tendency to foam and much of the product had dis-
snoived at the higher temperatures. ‘The yield was 69%.

A summary of nitration reactions is given in Table I.

Amination of 1,3-Dimethoxy-2,4,6-trinitrobenzene: Procedures
uged in the amination of 2,3; -tetranitroaniline were easily
adaptable to 1, 3-d1methoxy-2 y, 6-ur1n1trobenz=ne with good yields

!kr/'\\l°z

- e L§§>’J'H20-2nﬁfﬁi

=0,
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“hen a benzene solution of the dimethoxytrinitrobenzene was
allowed to stand with methanolic ammonia for 30 min., an ex-
cellent quaiity of 1,3-diamiro-2, 4, f-trinitrobenzene resulted.
The only drawbdack was the smail pdxcicle g8i<2, which 1s also

the case when DATB is prepared by similar procedures from tetra-
nitroaniline.

The small particle size 1s probably due to the rapid rate
of reaction and the low solubllity of the product in the reaction
solvent, Efforts were made to retard the rate of reactlon by
substituting solutlions of ammonium acetate and ammonium acetate-
acetlic acid in methanol for the methanolic ammoniz. Variations
of these procedures resulted in particle sizes ranging from
20 to 100 microns, An adverse effect on vacuum stablility,
regulting in values of 4.3 to 7.12 cc of gas per gram per hour
at 260°, may have been due to imcomplete removal of acetlc acid
from the product. It is ngteweorthy that in a guslitative run
a small amount of dimethoxytrinitrobenzene in an acetic acid
solution ol ammonium acetate, heated over night on a steam bath,
yielded a product melting at 2%30-284C and huviang a particls
size o 990 microus,

EXPERIMENTAL

Nitration of 1,3-Dimethoxybenzene. The optimum procedure
for the preparatiocn of 1,3~dimethoxy~2o,4,b-trinitrobenzene is
descrised t“fefhev with two procedures which give good )ields
of 1,5-4imethaxy~2,4%-dinitrobenzene.

- 1,3-Dimethoxy-2,4,6-trinitrobenzene: A 12 liter 3-neck
round bottom flask was fitted with a dropping funnel, thermo-
meter and mechanical stirrer with 3 heavy-duty Teflon blade
whuse Jength was almost equal to the dlameter cf the flask.

The rlask was charged with 4200 ml of 95% sulfuric acid, 735 g
of 1,3-d1imethoxvhenzene was added rapidly with stirring and

Lthe *emperature raised to 90Y-100° on a steam bath. ‘I'ne spiu~
tion turned green and on continued heatlng, a grey precipitate
formed. After 30 min. at $09-100°, the steam bath was replaced
iy an efficient ice-salt bath and the temperature lowered to
i2.10%, A volume of 2800 ml of 70% nitric acid was then added
through the dropping funnel during the course of 2.5 hours the
rate beiny slow znough to keep the temperature from rising above
3¢, The reaction was extremely exstnermic avd required very
etficient cooling. The solution turned red-brcwn and as the
reaction progiressed, a tan precipitate formed and tended to
1"lcat on top of the reaction mixture and to coat the walls of.
the flask. Since 1inadequate cooling or stirring at this point

6
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caused considerable foam formation, stirring was at a moderate
speed but aufficient to continucusly fold the batter below the
surface of the solution and to break the cake on the walls.
After atout 1400 ml of nitric acid nad been added, there was

no further exctherm and the remainder of the acid was added
more rapidly. The mixture was stirred for about 15 min. after
the addition of the nitric acid was complete then poured into
sufficlent crushed ice so that considerable remaineil unmeltead
after all of the reaction mixture had been added. As socon as
the 1ce was completely melted, the mixture wass filtered through
a sintered glass funnel and the filter cake washed thoroughly
with cold water., After drying first in air then in the oven

at 509, the crystalline crude product was slightly yellow fine
needles, m.p. 1219-123°, vVYields were from B3-87%. After
crystallization from ethanol, the product melted at 124°-1250
and had an impact sensitivity 257 cm ("= 0.1) on sandpaper —- -
(NOL machine, type 12 tools). The crude product was sufficiently
pure to be used directly in the amination step.

1,5-Dimethoxy-2,4-dinitrobenzene. Method I: A 100 ml
rhrea-neck round hottom flask fitted with a mechanical stirrer.
dropping funnel and thermometer was charged with a soclution of
S ml 9C% nitric acid in 20 ml acetic anhydride and the tempera-
ture lowered to 5° on an ice bath., A solution of 2.1 g 1,3~
dimethoxyrenzene in 5 ml aceti~ anhydride was added dropwise

with vigorous stirring over a 15 min. period, tne rate of addition

being slow enough to prevent the temperature-from rising above
259. The reactlon was very exothermic and the mixture turned

a bright green. After additlion was complete, cooling was re-
moved and stirring continued for abcut three hours, during which
time there appeared no further tendency to self heat. Stirring
was then discontinued and the reaction mixture allowed to stand
at room temperature for 22 hours. The contenis of tie flask
were poured into 200 ml of crushed ice and water, stirred
vigorously for a few minutes and filltered through a sintered
glass funnel. The filter cake was washed thoroughly with-cold -
wal:r anG dried in vacuum desiecsator over CaClp. The yield was
2.83 g (82%) of a wine-colored crystalline solid melting at
1420-1430, On treatment with chareoal and recrystallizing

from ethanol the melting point was raised to 1540-1559, and the
product was yellcwish tan needles., Method II: A 500 ml 3-neck
round bottom rlask fitted with a mechanizal zlirrer, a2 dropping
funnel and a thermometer, was charged with 20 ml of 90% nitrie
acid. With vigorous stirring, 52.5 g of 1,3-dimethoxybenzene
was added dropwise, and the temperature maintained at 459-50°
by axternal cooling. The reaction mixture turned a very dark

7
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red and there was a coplous evolution of brown fumes. The
addition was complete In about 20 minutes, the temperature
w@s Lhen alicwed Lo rise to $52-60° for an additional 30
minutes after which self-heating ceased and the solution
had turneds deep green in color, After an additional G0 mine
utes without cooling, the temperature had dropped to 35° and
the colcor had chanped to deep red. A volume of 200 ml of
¢rushed lce and water was addad wlth stirring whereupon the
product coagulated into a gummy mass. The supernatent liguor
was decunted of and the gummy residue triturated in 100 ml of
hot glacial acetic acid. On cooling in ice, filtering and
washing thoroughly with cold water, the residue was dried in
the oven at 116%. The yielsd was 50 g (58%) of tan needles

o

melting st 1810-16%

fmination of 1,3-Dimethoxy-2,4,6-trinitrobenzene. In
this section a standard amination procedure using methanolle
ammonia 18 described together wilth several experimental pro-
cedures designed to glive larger particle sizes. The bulk of
the dimethoxytrinitrobenzene prepared in thils work has been

.....

(9) and will be reported in a subseguent NAVORD Report.

Amination With Amonia: A 200G ml 3-neck rourd bottom flagk
was fitted with a mechanical stirrer, a thermometer and a2 dropping

“funnel. A volume of 25 ml.of absolute methanol was add 4 to the

flask, cooled to 7° and saturated with anhydrous ammonla. Ten
¢ramg of 1,3-dimethoxy-2,4,6-trinitrobenzene, was dissolved in
50 wml of warm benzene, the solution filtered and a small amount
o! 1nsoluble residue on the filter was washed with an additional
10 ml of benzene. The flltrate and washings w2re cocled to room
temperature and added dropwise with cooling and stirring to the
methanollic ammonia, The addition required 10 minutes and the
reaction temperature was not allowed to rise adove 13°. During-
trie addition, the solution immedlately becomes red-orange _in

calor and 8 yellow corystnalline sclid zmoon begingte form. Stir-
rioy ard cooling was continued for sn additlonal 20 minutes after
which the yellow solid was collected by filtration and washed
vith ethancl. After drying first in air then in the vacuum
oven at 1169, the product was 8.44 {(96%) of a very fine yellow
crystalline material melting at 286¥-287° (very slight cdecompo-
sltien,. Vacuum stablility = 1.7 cc/g/hr. at 2600, Pariicle
sine - g2 3 amlcrons

Amination with Ammonium Acetste: Tu a solution of ten grams
of ammonlum acetate in 50 ml of absolute ethanol and 10 ml of

5
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benzene was added 1n one portion at 70°, fifty grams of 1 3-
dimethoxy~2,4,6-trinitrobenzene in 50 ml of absolule etﬁanol
and 20 ml of hnpzpne, A yellow precipitate began to form
1mmed1ate1y. The reacition nmixture was heated for 1% minutes
on the steam bath, cooled to: S0°, filtered and the Tilter cake
washed on the funnel {irst with absolute ethanol then with
ether. The gilstening yellow crystals were driled first in

" air then in the vacuun oven at 116°, The yleld was 3.79 g

(86%), m.p. 283°-284° (dec.}). The particle size was 50-60
microns. 1in the .vacuum snab"ity test at 260° tme ppoduct

.gave %¥.3 cc of gaS/g/hr.

Amination with Ammonium Acetate and ‘cétic hci&: A solu-
tion of 50 g of ammonium acetiate of 5 ml of glaclal acetic in
100 wl of absolute ethanol was brought to a boll on the steam

'bdth.' Fifty grams of 1,3-dimethoxy-2,%,6-trinitrobenzene was

issclived in 50 ml of boiling benzene,,the solution filtered
hot anéd added to the bolling ammonium -acetate-acetic acid solu-

.tien. A yellow precipitate began to form immediately, and the

mixture was allowed -to stand on the steam bath at a temperature -
Just below Lolling fov one hour, ¢oclsd to room temperature and
allowed .to stand over nignt. The product was collected by fil-
tration and washed, first with absolute ethanol then with ether,
and dried in the vacuum oven at 116%. The yleld was 3.99 g
(91%), m.p. 2859-286°, Tue particle slze was 75-10C microns.

In the vacuum stability test at 260 the product gave 7.12 cc

: i
Two modifications of this prOoedure are summarized in
Table II..

- Identification of 2,4,6-Tr1n1tr0g3-am1nopnenol:',In ore
preparation of 1,3-dimethoxy-2,4,6-trinitrobenzene, starting
with 735 g of 1,3-dimethoxybenzene, the drowned mixture was
allowed to stapd cvernight prior to filtering. A second product
precipitated from the filtrate and washings on standing, Six
teen grams of this material melting at 75°-850 was recovered
by filtration. On recrystallization, the meltlng point was

raised to 859-86C,

Two grams of the above product was dissolved in 12 ml cf
benzene and added slowly with stirring to a solution of 1.5 ml
of concentrated ammonium hydroxide in 30 ml of methanol at 50°

The temperature was held at 50° Tor 20 minutes-after addfifion —~ _

was complete. Although the ccler of the solution changed

9
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immediatelv to orange-yellow, there was no immediate precipi-~
tation. On standing overnipght at room temperaturs, there was

g sm&all amcuiv of precipitate and the solution was placed in
the refripérator s: approximately 5° for an additional 25 hours
and filtered. The product was 0.22 g of orange-yellow ¢rystals
melting at 253° {(dec.). A small amount of the orange-yellow
crystals was dissolved in water and the solution acldifled
_-with hydrochloric acid. A lemon-yellow precipitatve formed
immedlately. The solution was filtered and the precipitate’
washed with water, After drying in air, the meltlng point of
the product was 173°-176° and was raised to 175°-176° by re-:
crystallization from ethanol. Mixed melting point with a
sample of 2,4,6~ trinitro—3-am1nophenol (1), 1750-176

ic
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